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METHOD AND APPARATUS FOR DISPLAYING 
INFORMATION WITH A HEAD-UP DISPLAY 



TECHNICAL FIELD OF THE INVENTION 

This invention relates in general to techniques for 
displaying information and, more particularly, to a 
method and apparatus for displaying information to a 
person who is operating some type of equipment or device, 
such as the driver of a vehicle. 
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BACKGROUND OF THE INVENTION 

Over the last several years, there has been an 
increase in the sale of automobiles having a head-up 
display (HUD) which is mounted in the dashboard, and 
5 which projects a visible image onto the inside surface of 

the windshield- The vast majority of these HUDs are used 
for night vision systems, in which an infrared camera 
unit is mounted at the front of the vehicle, for example 
in the center of the grille, and in which the HUD 
10 projects images from the camera unit onto the inside 

surface of the windshield during operation of the vehicle 
at night . 

In this regard, the camera unit is capable of 
detecting thermal energy which originates at locations 

15 well beyond the range of the headlights. Thus, for 

example, if a person or a deer wanders into the road far 
ahead of the vehicle, the infrared camera unit will 
detect thermal energy from the person or deer well before 
the person or deer is illuminated by the headlights of 

20 the vehicle, and the HUD will produce a very visible 

indication to the driver that there is something in the 
road ahead. This facilitates safer driving at night. 

The presentation of this information by means of a 
HUD makes this information more readily visible to the 

25 driver, who can easily see this information without 

taking his or her eyes off the road ahead. In contrast, 
if the information was displayed in the standard 
instrument cluster in the dashboard, rather than with a 
HUD, the driver would have to periodically take his or 

30 her eyes off the road and glance down at the instrument 

cluster in order to monitor this information. 
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It would be desirable to also use this type of HUD 
during the day. Of course, infrared images of the type 
displayed in the night mode would be of reduced value and 
interest in the day mode, but other information could be 
5 displayed, including operational information about the 

vehicle such as its current speed, Global Positioning 
Satellite (GPS) information such as the current location 
of the vehicle, and/or any other telematics that the 
driver might want to see. However, it has not previously 

10 been practical to provide such a system which has a size 

and cost suitable for the high-volume consumer market for 
automobiles and other vehicles. 

In this regard, one consideration is that existing 
HUDs include a relatively large projection mirror with a 

15 high degree of reflectivity, in order to facilitate 

proper operation at night. During the day, however, this 
large and highly reflective mirror can take solar 
radiation which enters the HUD and focus this radiation 
onto the liquid crystal display (LCD) image source, or 

20 onto other parts that are made of plastic, causing 

physical damage to the LCD image source or other parts. 
As a result, commercially available HUDs often include a 
physically moveable shutter which is closed during the 
day so that little or no solar radiation can enter the 

2 5 HUD. However, while the shutter protects the HUD from 

damage caused by sunlight, it also prevents the HUD from 
being used during the day, because the HUD is prevented 
from projecting images onto the windshield when the 
shutter is closed. 

30 A further consideration is that a suitable night 

vision infrared image, as presented to the driver, is 
customarily a low to medium resolution image having a 
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horizontal field of view (FOV) of about 12°. There are 
commercially available LCD image sources which have been 
approved by vehicle manufacturers for use in automobiles, 
including an existing LCD which has a two-dimensional 
5 array of pixels configured as 320 pixels horizontally by 

220 pixels vertically. This is a color device, in which 
each pixel actually includes a cluster of three pixel 
elements that respectively produce the three primary 
colors of red, green and blue, but for clarity here each 

10 such cluster of three pixel elements is referred to as a 

single pixel. This existing LCD is suitable for 

displaying a low to medium resolution night vision image 
with a 12° horizontal FOV. However, it is not suitable 
for displaying, with a horizontal FOV of about 12°, a 

15 satisfactory image of alpha-numeric or graphical 

information that would be desirable for a day mode of 
operat ion . 

In more detail, existing displays for night mode 
operation generally provide about 4.6 pixels per 

2 0 milliradium to the eye of the driver in the 12° FOV. 

however, it is generally recognized that about 9 pixels 
per milliradium are needed to display alpha-numerical or 
graphical information of the type desired for a day mode 
of operation . Of course , it would be possible to provide 

25 a low resolution image source for use during the night 

mode and a separate high- resolut ion image source (such as 
a vacuum florescent display) for use during the day mode. 
However, the use of two separate sources is cost 
prohibitive as to the consumer vehicle market, and also 

30 presents the problem that it would be difficult or 

impossible to package both sources into the very limited 
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physical space available for a HUD in a standard 
automobile dashboard. 

Another possible approach would be to use a very 
high-resolution LCD image source for operation in both 
the day and night modes. However, no LCD manufacturer is 
currently known to offer such a device, and the cost of 
engineering and tooling needed to develop such a high- 
resolution LCD is very high. 
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SUMMARY OF THE INVENTION 

From the foregoing, it may be appreciated that a 
need has arisen for a method and apparatus which 
facilitate the provision of a head-up display that is 
5 suitable for use in both a day mode and a night mode of 

operation, without any significant increase in size or 
cost in comparison to existing head-up displays that are 
operable only in a night mode. According to one aspect 
of the present invention, a method and apparatus are 

10 provided to address this need, and involve: using an 

image source to output radiation which represents a 
visible image; providing first and second reflective 
surfaces respectively having first and second reflection 
characteristics which are different; and directing the 

15 radiation from the image source to a viewing location 

according to a selected one of first and second modes, 
the first mode including reflection of radiation from the 
image source by the first reflective surface according to 
the first reflection characteristic, and the second mode 

20 including reflection of radiation from the image source 

by the second reflective surface according to the second 
reflection characteristic. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention will 
be realized from the detailed description which follows, 
taken in conjunction with the accompanying drawings, in 
5 which: 

FIGURE 1 is a diagrammatic view of a vehicle which 
includes a head-up display that embodies features of the 
present invention; 

FIGURE 2 is a diagrammatic view of the head-up 
10 display from the vehicle of FIGURE 1 , showing in more 

detail the internal configuration of a display unit which 
is part of the head-up display; 

FIGURE 3 is a diagrammatic view similar to FIGURE 2, 
but showing a different operational position; 
15 FIGURE 4 is a diagrammatic perspective view of a 

mirror which is a component of the embodiment of 
FIGURE 2; 

FIGURE 5 is a diagrammatic front view of the mirror 
of FIGURE 4; 

2 0 FIGURE 6 is a diagrammatic rear view of the mirror 

of FIGURE 4; 

FIGURE 7 is a sectional top view of the mirror of 
FIGURE 4, taken along the line 7-7 in FIGURE 5; 

FIGURE 8 is a diagrammatic view of an example of an 
25 image that can be displayed by the head-up display of 

FIGURE 2 during daytime operation, with a broken line 
indicating the effective size of an image generated by 
the same head-up display during night operation; 

FIGURE 9 is a diagrammatic perspective view of a 
30 display unit which is an alternative embodiment of the 

display unit shown in FIGURE 2, and which embodies 
features of the present invention; 
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FIGURE 10 is another diagrammatic perspective view 
of the display unit of FIGURE 9, taken in a different 
direction; and 

FIGURE 11 is a diagrammatic perspective view of the 
display unit of FIGURE 9, when the display unit is in a 
non-operational state. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIGURE 1 is a diagrammatic view of an apparatus 
which is a vehicle 10 containing a system that embodies 
features of the present invention. The system includes a 
5 camera unit 12, which in the disclosed embodiment is 

mounted in the center of the grille at the front of the 
vehicle. The system also includes a display unit 16, to 
which the camera unit 12 is electrically coupled by a 
cable 14 . The display unit 16 is mounted within an 

10 upwardly open recess provided in the top of the dashboard 

of the vehicle, and can project an image onto the inside 
surface of the windshield 17, as indicated 
diagrammat ically by an arrow 18. The display unit 16 and 
the windshield 17 together form a head-up display (HUD) . 

15 The display unit 16 has two different operational 

modes, one of which is used at night and the other of 
which is used during the day. With respect to the night 
mode, the camera unit 12 is a type of device known in the 
art, which contains an infrared (IR) detector and can 

20 generate a series of IR images representing a scene ahead 

of the vehicle. As is known in the art, the IR images 
generated by the camera unit 12 can identify persons, 
animals and other sources of thermal energy that are 
beyond the effective reach of the illumination from the 

25 vehicle's headlights, thereby permitting the driver of 

the vehicle to operate the vehicle more safely. 

For example, if an animal such as a deer happens to 
wander into the road ahead at a location well beyond the 
reach of the headlights, the thermal energy emitted by 

30 the deer's body will be detected by the camera unit 12, 

and will be distinctively visible in the IR images 
produced by the camera unit 12. In the night mode of 
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operation, these images are projected onto the inner 
surface of windshield, thereby warning the driver of the 
presence of the deer, well before the driver can actually 
see the deer in the light from the headlights. 
5 In the day mode operation, the IR camera unit 12 is 

not used, because the driver has much better natural 
visibility during the day, and the IR images add little 
to what the driver can see naturally. Instead, the 
display unit 16 projects onto the inner surface of the 

10 windshield certain information regarding the operational 

state of the vehicle, such as the speed at which the 
vehicle is currently traveling. This permits the driver 
to easily observe this type of operational data, without 
any need for the driver to repeatedly shift his or her 

15 gaze downwardly to the instrument cluster in the 

dashboard. This helps to reduces driver fatigue, and 
also facilitates safer driving by keeping important 
operational information more readily visible to the 
driver . 

20 FIGURE 2 is a diagrammatic view of the disclosed 

HUD, including the display unit 16 and the windshield 17, 
when the display unit 16 is in its night mode of 
operation. FIGURE 3 is a diagrammatic view similar to 
FIGURE 2, but showing the display unit 16 in its day mode 

25 of operation. With reference to FIGURE 2, the display 

unit 16 includes a liquid crystal display (LCD) 31 which 
is controlled by circuitry 32, and serves as an image 
source. In the disclosed embodiment, the LCD 31 is a 
commercially available part of a type known to those 

30 skilled in the art, which produces color images. It has 

a two-dimensional array of pixels, configured as 320 
pixels horizontally by 240 pixels vertically. Since the 
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LCD 31 is a color device, each pixel actually includes a 
cluster of three pixel elements which can respectively 
generate the three primary colors of red, green and blue. 
However, in order to avoid confusion here, each such 
5 cluster of three pixel elements is referred to as a 

single pixel . 

The circuitry 32 has an input coupled to an end of 
the cable 14, through which it receives the IR images 
generated by the camera unit 12 . The circuitry 32 has a 

10 further input coupled to a cable 36. The cable 36 leads 

to a not- illustrated microprocessor of a type known in 
the art, which is an integral part of the vehicle 10 of 
FIGURE 1 and which controls certain components within the 
vehicle, such as the instrument cluster embedded in the 

15 dashboard. Operational information regarding the vehicle 

is supplied to the circuitry 32 through the cable 36, 
such as the speed at which the vehicle is currently 
traveling . 

The display unit 16 includes a mirror 41 which is 
2 0 supported for pivotal movement about an axis extending 

perpendicular to the drawing plane of FIGURE 2. A tilt 
control mechanism 42 includes a not - illustrated electric 
motor coupled through a drive train to the mirror 41, in 
order to control the pivotal position of the mirror 41. 
25 In the night mode of operation, which is depicted in 

FIGURE 2, the circuitry 32 receives IR images from the 
camera unit 12 (FIGURE 1), and displays these images on 
the LCD 31. In contrast, in the day mode of operation 
(FIGURE 3) , the circuitry 32 does not use the IR images 
30 which it receives through the cable 14. Instead, the 

circuitry 32 is responsive to the operational information 
regarding the vehicle which it receives through the cable 
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36, such as the current speed of the vehicle. The 
circuitry 32 causes the LCD 31 to display some or all of 
this information on the LCD 31. 

In both the day and night modes of operation, the 
5 radiation emitted by the LCD 31 travels to and is 

reflected by the mirror 41, in a manner discussed in more 
detail later. The reflected radiation then travels 

generally upwardly to the inner surface of the windshield 
17. Most of this radiation actually passes upwardly 

10 through the windshield 17, but the inner surface of the 

windshield has a small degree of reflectivity, which is 
sufficient to reflect a portion of the radiation toward 
the eye 43 of the driver, in a manner discussed in more 
detail later. Consequently, the driver sees at a 

15 location in front of the windshield a virtual image 53 of 

what it actually being displayed on the LCD 31. 

Since different drivers have different physical 
heights, and may adjust the driver's seat to different 
positions of comfort, the exact location of the eye 43 

20 relative to the vehicle will vary from driver to driver. 

Consequently, each driver can use the tilt control 
mechanism 42 to adjust the pivotal position of the mirror 
41 so that radiation from the LCD 31 is properly directed 
to the eye 43 of that particular driver. Once a given 

25 driver has adjusted the mirror 41 to a suitable position, 

it should not be necessary for the driver to again to 
adjust the mirror 41 during normal use of the display 
unit 16 in either the day mode or night mode of 
operat ion . 

3 0 With reference to FIGURE 2, the mirror 41 has a body 

161 which is made of material that is transparent to 
visible radiation, such as any suitable and commercially 
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available polycarbonate material. The mirror 41 has a 
curved front surface 162 on the side thereof nearest the 
LCD 31, and has a curved rear surface 163 on the opposite 
thereof. The front and rear surfaces 162 and 163 have 
5 different optical prescriptions. 

In this regard, one factor embodied in the 
prescriptions for the reflective surfaces 162 and 163 is 
the curvature of the windshield 17. The windshield 17 is 
depicted in FIGURE 1 as if it is approximately planar. 

10 However, persons skilled in the art will recognize that 

most vehicles have a windshield with a somewhat 
asymmetric curvature, which can impart a degree of 
distortion to images reflected from the interior surface 
of the windshield. Therefore, the surfaces 162 and 163 

15 of the mirror 41 each have an asymmetric curvature, which 

includes compensation for the asymmetric curvature of the 
windshield 17, so that images viewed by the eye 43 of the 
driver will be a relatively accurate version of the 
images produced by the LCD 31. Stated differently, the 

20 surfaces 162 and 163 of the mirror 41 each have a 

curvature designed to add distortion that cancels the 
distortion introduced by the curvature of the windshield 
17 . 

Due to the fact that the asymmetric curvature of the 
25 windshield 17 will vary from one vehicle type to another, 

the prescriptions needed for the surfaces 162 and 163 
will also vary from one vehicle type to another. 
Consequently, specific prescriptions are not set forth 
herein. Persons skilled in the art are familiar with the 
30 principles involved in determining the appropriate 

prescription for each of the front and rear surfaces 162 
and 163 of the mirror 41, including the techniques 
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involved in shaping these surfaces of mirror 41 so as to 
compensate for the asymmetric shape of the windshield 17. 
These techniques are therefore not described here in 
detail . 

5 The front and rear surfaces 162 and 163 are arranged 

so as to have with respect to each other an effective 
angle 166 which is greater than about 2°, and which is 
approximately 3.5° in the disclosed embodiment . Stated 
differently, and as discussed in more detail later, when 

10 radiation from the LCD 31 impinges on the mirror 41 in a 

given direction, a portion of that radiation will be 
reflected by the front surface 162 . The remainder will 
pass through the body 161 of the mirror and be reflected 
by the rear surface 163 in a direction which forms an 

15 angle of approximately 3.5° with respect to the portion of 

the radiation reflected by front surface 162 . 

Turning in greater detail to the mirror 41, FIGURE 4 
is a diagrammatic perspective view of the front side of 
the mirror 41. The mirror 41 includes four tabs 171-174 

2 0 that are fixedly secured to edges of the body 161, the 

tabs 171 and 174 being provided at opposite ends, and the 
tabs 172 and 173 being provided near each other on the 
top edge of the mirror. The tabs 171-174 are used to 
facilitate the mechanical support of the mirror 41 within 
25 the display unit 16. A detailed comprehension of the 

mechanical support of the mirror 41 is not needed in 
order to understand the present invention, and the 
mechanical support of the mirror is therefore not 
illustrated and described here in detail. 

3 0 FIGURE 5 is a diagrammatic front view of the mirror 

41, FIGURE 6 is a diagrammatic rear view of the mirror 
41, and FIGURE 7 is a sectional top view of the mirror 
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41, taken along the line 7-7 in FIGURE 5. In FIGURE 5, 
reference numeral 176 designates an imaginary vertical 
plane which is perpendicular to the plane of FIGURE 5 and 
which bisects the mirror 41. The view of the mirror 41 
5 in FIGURE 2 is a sectional view that corresponds to the 

section plane indicated diagrammatical ly at 176 in 
FIGURE 5. 

As best seen in FIGURES 5 and 7, a highly reflective 
aluminum coating 178 is provided on a central portion of 

10 the rear surface of the body 161. As evident from 

FIGURE 5, the coating 178 is approximately rectangular, 
with a width that is roughly a third of the overall width 
of the body 161, and with a height that is roughly a 
third of the overall height of the body 161. The 

15 thickness of the coating 178 is exaggerated in FIGURE 7 

for purposes of clarity. The front side of the aluminum 
coating 178 defines the highly reflective surface 163 on 
the rear side of the mirror 41, and reflects virtually 
all of the radiation that impinges on it. 

20 A coating 179 of a non- reflect ive material is 

provided over the back of the reflective coating 178 and, 
as best seen in FIGURE 6, covers substantially the entire 
rear surface of the body 161 of the mirror. In the 
disclosed embodiment, the coating 179 is a black material 

25 of a type known to those skilled in the art, which 

absorbs substantially all visible light that impinges on 
it. The coating 179 reduces or eliminates stray 

reflections from portions of the rear surface of the body 
161 that are disposed outwardly from the aluminum coating 

30 178. The thickness of the coating 179 is exaggerated in 

FIGURE 7, for purposes of clarity. 
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In FIGURES 4 and 5, reference numeral 186 designates 
a broken line which identifies a rectangular portion of 
the front surface 162 on the body 161. In the disclosed 
embodiment, the front surface 162 does not have any 
5 coating thereon, and reflects only about 4% of the 

visible light which impinges on any given point within 
the region 186 of the front surface 162. However, it 
would alternatively be possible to apply to the front 
surface 162 a coating of a material with an index of 

10 refraction that would alter the degree of reflectivity 

provided by the front surface. 

With reference to FIGURES 4 and 5, and as discussed 
in more detail later, the entire rectangular image from 
the LCD 31 (FIGURE 2) is reflected by the region 186 of 

15 the front surface 162 during the night mode of operation 

of the display unit 16. This does not mean that 100% of 
the radiation from the LCD 31 is reflected by the region 
186 because, as mentioned above, only about 4% of the 
radation impinging on any particular point in the region 

20 186 is reflected. However, the 4% of the radiation which 

is reflected does embody the entire rectangular image 
from the LCD 31. In contrast, in the day mode of 
operation, and due to the fact that the optical 
prescription of the rear surface 163 is different from 

25 that of the front surface 161, the entire rectangular 

image from the LCD 31 is reflected by the somewhat 
smaller rectangular reflective coating 178. The degree 
of reflection by the surface 163 is in excess of 90%. 

As mentioned above, FIGURE 2 depicts the operation 

30 of the display unit 16 during the night mode of 

operation. A rectangular image in the form of radiation 
from the LCD 31 travels to the mirror 41, and 
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approximately 4% of this radiation is reflected by the 
region 186 (FIGURE 4) of the front surface 162 of the 
mirror, and travels along an optical path 191 to the eye 
43 of the driver. The remainder of the radiation from 
5 the LCD 31, which is not reflected by the front surface 

162, passes through the body 161 of the mirror. Any of 
this radiation which reaches the non- reflect ive coating 
179 (FIGURE 7) is absorbed, but the portion of this 
radiation which reaches the reflective coating 178 is 

10 reflected virtually in its entirety along an optical path 

192, which as explained above forms an angle of 
approximately 3.5° with respect to the reflected radiation 
at 191. The radiation at 192 is reflected by the inner 
surface of the windshield 17 but, due to the 3.5° angle 

15 between 191 and 192, passes somewhat above the eye 43 of 

the driver. 

In order to switch the display unit 16 from the 
night mode to the day mode, the driver presses a not- 
illustrated button, which causes the tilt control 

20 mechanism 42 to pivot the mirror 41 by approximately 3.5°, 

from the pivotal position shown in FIGURE 2 to the 
pivotal position shown in FIGURE 3 . With reference to 
FIGURE 3, the rectangular image in the form of radiation 
from the LCD 31 travels to the mirror 41, where 

25 approximately 4% is reflected by the portion 186 of the 

front surface 162 of the body 161, and travels upwardly 
at 193. This radiation is reflected by the inner surface 
of the windshield 17 and passes below the eye 43 of the 
driver. The portion of the radiation from the LCD 31 

30 which is not reflected by the front surface 162 travels 

through the body 161, and then the peripheral portion of 
this radiation is absorbed by the coating 179, while the 
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central portion of this radiation is reflected virtually 
in its entirety by the aluminum coating 178 that defines 
the rear reflective surface 163 . This reflected 

radiation travels upwardly at 194, at an angle of 
5 approximately 3.5° with respect to the radiation reflected 

at 193 by the front surface 162. The radiation at 194 is 
reflected by the inner surface of the windshield 17, and 
travels to the eye 43 of the driver. 

As viewed from the eye 4 3 of the driver, and due to 

10 the different optical prescriptions of the front and rear 

surfaces 162 and 163 of the mirror 41, the entire 
rectangular image produced by the LCD 41 fills the region 
186 of the front surface 162 of the mirror 41 in the 
night mode, whereas in the day mode the entirety of this 

15 same rectangular image fills the region 178 defining the 

reflective rear surface of the mirror. It will be noted 
that the width of the coating 178 is approximately half 
the width of the region 186, and the height of the 
coating 178 is approximately half the height of the 

20 region 186. Consequently, the eye 43 sees an image in 

the night mode with a horizontal field of view (FOV) of 
about 12°, and sees an image in the day mode with a 
horizontal FOV of about 6°. Thus, in the day mode of 
operation, the eye 43 sees an image which is about one- 

2 5 quarter the size of the image seen by the eye in the 

night mode, but which has a higher effective resolution 
because it has the same number of pixels as the larger 
image presented in the night mode. 

One reason for providing two different reflective 

30 surfaces 162 and 163 on the mirror 41 is to limit the 

amount of sunlight which can reach the LCD 31 when the 
display unit is operating in the day mode. In this 
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regard, the sun will be almost directly over the vehicle 
in the middle of the day, and sunlight will thus travel 
almost directly downwardly through the windshield 17 to 
the mirror 41. If, instead of the mirror 41, the display 
5 unit 16 had a standard HUD projection mirror with a 

single large and highly reflective surface, the standard 
mirror would tend to reflect and partially focus all of 
the incoming sunlight and heat onto the LCD 31 and 
various parts in the region thereof, some of which may be 

10 made of plastic in order to minimize the weight and cost 

of the display unit 16. Over time, this concentrated 
light and heat could physically damage the LCD 31 and/or 
adjacent parts. 

However, the mirror 41 avoids this. More 

15 specifically, it will be noted that the only highly 

reflective portion of the mirror 41 is the aluminum 
coating 178. Thus, to the extent that downwardly- 
traveling sunlight enters the display unit 16 during the 
day, the only portion of the mirror 41 that can 

20 efficiently reflect a substantial amount of this sunlight 

toward the LCD 31 is the aluminum coating 178, which is 
relatively small in comparison to the overall size of the 
mirror 41. The reflective surface 162 on the front of 
the mirror 41 is, of course, much larger, but is also 

25 much less reflective, and in particular reflects only 

about 4% of the radiation which impinges on it. 
Consequently, while the entire front surface 162 of the 
mirror can reflect radiation toward the LCD 31, this will 
only be about 4% of the incoming sunlight impinging on 

30 this front surface 162, which is a negligible amount of 

sunlight. Thus, the display unit 16 is not only capable 
of operating in both a day mode and a night mode, but 
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also requires no moveable shutter to protect certain 
internal components from damage due to sunlight during 
the day. 

FIGURE 8 is a diagrammatic view of an image 196 as 
5 it would appear to the eye 43 of the driver of the 

vehicle 10. The image 196 is one example of an image 
which can be generated by the LCD 31 in the day mode of 
operation, and presents the driver with operational 
information regarding vehicle, such as the current speed 

10 of the vehicle. The image 196 has been reflected by the 

reflective surface 163 on the front side of the aluminum 
coating 178 (FIGURE 4), and represents the entire two- 
dimensional array of 320 by 240 pixels in the LCD 31. 
The image 196 represents a horizontal FOV of 

15 approximately 6° for the driver. 

The broken line 197 in FIGURE 8 is a diagrammatic 
representation of the somewhat larger image which the eye 
43 of the driver would see during the night mode of 
operation, after reflection by the region 186 of the 

20 front surface 162 (FIGURE 4) of the mirror 41. The 

driver sees the image 197 with a horizontal FOV of 
approximately 12°. The image 197 also corresponds to the 
entire two-dimensional array of 320 by 240 pixels in the 
LCD 31. The image 196 is thus smaller than the image 

25 197, but has a higher effective resolution as viewed by 

the eye of the driver . 

FIGURE 9 is a diagrammatic perspective view of a 
display unit 216 which is a further alternative 
embodiment of the display unit 16 shown in FIGURE 2. 

30 FIGURE 10 is another diagrammatic perspective view of the 

display unit 216, taken from a different angle. The 
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display unit 216 may be mounted permanently or removably 
on top of the dashboard of a vehicle. 

One significant difference between the display unit 
216 and the previously-described display unit 16 
5 (FIGURE 2) is that the display unit 216 does not utilize 

a reflection of radiation from the inner surface of the 
windshield of the vehicle. In this regard, the display 
unit 216 has an LCD 221 equivalent to the LCD shown at 31 
in FIGURE 2, a planar fold mirror 222, and an aspheric 

10 mirror 224. The aspheric mirror 224 is similar in 

structure and operation to the mirror 41 discussed above 
in association with FIGURES 2-8, except that the optical 
prescriptions are different, for example because the 
image is not reflected from a windshield and thus the 

15 mirror 224 does not need to take into account the 

asymmetrical curvature of a windshield. In fact, since 
the prescription for the mirror 224 does not have to 
compensate for the asymmetric curvature of a windshield, 
the display 216 can be moved from vehicle to vehicle 

20 without any need for modification of the mirror 224. 

Radiation from the LCD 221 travels upwardly to the 
fold mirror 222, and is reflected toward the projection 
mirror 224 . This radiation is then reflected by the 
mirror 224 directly toward the eye of the driver, without 

25 being directed toward and reflected from the windshield 

of the vehicle. Reflection of radiation by the mirror 
224 for the day mode and for the night mode occurs in a 
manner similar to that described above in association 
with the mirror 41. In this regard, the mirror 224 is 

3 0 supported for pivotal movement relative to a base 22 6, 

and a motorized mechanism which is not illustrated can 
position the mirror 224 in a pivotal position that is 
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comfortable for the driver, and can also effect pivotal 
movement of the mirror 224 by about 3.5°, in order to 
shift the mirror 224 between positions for the day mode 
and the night mode. 
5 The fold mirror 222 is also supported for pivotal 

movement, but only for purposes of moving it between an 
operational position and a non-operational position. The 
fold mirror 222 does not move during normal operation of 
the display unit 216. When the display unit 216 is not 

10 being used, the panels which pivotally support the 

mirrors 224 and 222 can both be pivoted downwardly to a 
non-operational position in which they are both 
substantially horizontal. In this regard, FIGURE 11 is a 
diagrammatic perspective view of the display unit 216, 

15 and shows the horizontal positions of the two panels that 

respectively support the mirrors 222 and 224. 

The present invention provides a number of technical 
advantages. One such technical advantage is that both a 
day mode of operation and a night mode of operation are 

2 0 provided in a HUD which has approximately the same size 

and cost as pre-existing HUDs that offer only a night 
mode of operation . A related advantage is that this can 
be achieved by replacing the standard projection mirror 
from a pre-existing HUD with a mirror having two surfaces 
25 with respective different optical prescriptions, one of 

which is used in the day mode and the other of which is 
used in the night mode . 

A further advantage results from the capability to 
avoid introducing large amounts of sunlight into a HUD 

3 0 during the day, which in turn avoids solar damage to an 

image source and other components within the HUD. One 
approach for achieving this involves use of a mirror 
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which has two surfaces with different prescriptions. One 
surface has a relatively large area with a relatively 
small degree of reflectivity, and is used during the 



smaller area which is highly reflective, and is used 
during the day mode. 

Still another advantage is that a HUD embodying the 
invention can be implemented with a single pre-existing 
image source, in a manner providing a lower resolution 
image with a wide field of view in the night mode, and a 
higher resolution image with a narrower field of view in 
the day mode. A related advantage is that the different 
resolutions and fields of view can be achieved with a 
single mirror having two surfaces, one of which is larger 
and has a higher degree of magnification than the other. 

Although selected embodiments have been illustrated 
and described in detail, it will be understood that 
various substitutions and alternations are possible 
without departing from the spirit and scope of the 
present invention, as defined by the following claims. 



night mode . 



The other surface has a significantly 



